Abstract-Information retrieval from Coronary Computed Tomography Angiography (CCTA) is the most frequently used tool by physicians to diagnose cardiac diseases. However, the use of Coronary Computed Tomography Angiography in this context is quite rare. We have introduced a novel approach to detect severity of cardiac diseases using CCTA images. The proposed technique consists of multiple steps algorithm which extracts blood vessels from CCTA images of patients to analyze disease symptoms. The major steps are: Pre-processing, Multilayered thresholding and centerline extraction.
INTRODUCTION
Accurate visualization of the human vasculature is an important feature for a number of clinical settings. In the image application fields medical imaging becomes inevitability for physicians, especially at the times of diagnosing the cardiovascular diseases. Coronary Computed Tomography Angiography (CCTA) images have significant role in detection and diagnosis of many cardiac diseases for cardiologist. With the development of technology, non-invasive imaging modalities have become more attractive and frequently used in clinical procedures. One of its applications is Coronary Computed Tomography Angiography (CCTA) which is most widely used for patients at present. CTA has been used in several clinical applications includes cardiac, neck and head, abdomen. CCTA is better at revealing the calcified plaques and blood vessels, both having high intensity in image. CCTA is used to view the coronary arteries in order to analyze the blood flow in them. These arteries are those that supply blood to the heart muscle. Powerful X-ray machines generate images of heart and its vessels. Through these images, blockages in the arteries and narrowing of the vessels can be checked.In Figure. 1 arrows showing the narrowing of the vessels. A technique based on pattern recognition used in vessel segmentation is proposed by Wang Shou-jue et al. (1) , it was experimented with the Biometric Pattern Recognition by using artificial neural networks that act through covering the geometrical distribution of high dimensional sample set in the feature space (2−3) . N. Orlov et al. (4) , proposed a method, in the first-stage Image pyramids, sub-band filters, and image transforms were used (5) . Fourier wavelet, chebyshev transforms can also recognize the patterns (6−7) . Qiang wu (8) applied the wavelet-based image enhancement technique to a well-known biomedical pattern recognition problem. Most studies were aimed to improve the quality of display of image for visualization, by enhancing the visibility of low contrast image features while suppressing noise. The criteria for success differ among various methods but are usually related to the local image contrast measure and/or contrast improvement ratio (9−10) . Classical thresholding variations have been proposed that combined information based on connectivity and local intensities. A survey of thresholding techniques can be found in (11) . A. Frangi et al. (12) proposed to detect vesselness using the eigen-values of Hessian matrix that distinguishes the line-like structure from blob-like and plate-like structures and suppressed random noise present in the background. Chuadhuri et al. (13) presented a method that used the matched filter to emphasize the vessels. The region based thresholding of response of the matched filter method was proposed by Hoover. (14) . Soares et al. (15) proposed a technique using the 2D Gabor wavelet to segment the blood vessels. M. Akram (16) proposed automated vessel segmentation technique using 2D Gabor wavelets and multi-layered thresholding. This paper presents the blood vessels enhancement and segmentation method for Coronary CT Angiography images. Blood vessels segmentation is not an easy task because of the thinness of the blood vessel and low contrast between the background and edges of the vessel. The proposed technique, first enhance blood vessel patterns by using the contrast enhancement, morphological operator and 2D Gabor wavelet filter and then apply a multi-layered thresholding method. The organization of this paper consists of four parts. Section I provides an introduction to Coronary Computed tomography Angiography before reviewing the existing blood vessels enhancement and segmentation techniques in the literature. Section II explains the proposed method. Section III includes the experiments and results. Conclusion and the possible future direction are presented in the section IV.
METHODOLOGY
To develop the automated vessel enhancement and segmentation system, the initial step is to collect the dataset from an extensive collection of raw data of CCTA scan. Dataset was collected from various hospitals, espacially Armed Forces Institute of Cardiology (AFIC) and Leading Reading Hospital (LRH) Peshawar. We created two data-sets, one is named as AFIC data-set and other is LRH data-set. The automated blood vessel segmentation system facilitate the cardiologists is an application of medical system. Figure. 2 is the block diagram of the proposed technique to automated blood vessels enhancement and segmentation from CCTA images.
Pre-Processing
The CCTA images are mostly poorly illuminated and noisy due to the camera motion and unknown noise. Due to these factors the visibility of blood vessel is not good. So, first enhance the vessels pattern.
Conversion from Rgb to Gray scale
The input RGB image is converted into gray image as shown in Figure. 3(c).
Contrast Enhancement
The noisy images first need to be cleaned by using some pre-processing steps including the contrast enhancement technique, morphological operator and also to remove noise from image we applied the median filter. The enhanced image replaces each pixel value by: In Equation 1, 'c' is the contrast parameter. Contrast between blood vessels and image background is increased by using contrast enhancement technique. Then performed the morphological top-hat filtering on the enhanced grayscale image to get the more enhanced image. Median filter is applied on the enhanced image that remove the noise from the background. Pre-processing results are shown in Figure.  3 
Create a binary mask
After the enhancement of blood vessels, morphological operation and multi-layered threshold methods are used to create a binary mask for blood vessels segmentation. The blood vessels are extracted by using the technique of masking that assign 1 to the blood vessel pixels and 0 to nonvessel pixel. For blood vessels segmentation, multi-layered thresholding technique takes 2D-Gabor wavelet response as input. Thick blood vessels have large values of I wav elet whereas I wav elet has low values where the blood vessels are thin. From the figure it is clear that at center vessel have high response and low response for thin blood vessels and on edge pixels. Gabor wavelet has directional selective criteria. They perform as low level oriented edge discriminators; removed the noise from background of image and identifying the oriented features and fine adjusting to particular frequencies (17) . Gabor wavelet response is shown in Figure. 4.
The 2D continuous wavelet transform F ϕ(i, θ, j) is the scalar product of j(x), f(x, y) with the transformed wavelet using (2)
Where x = [xy] T , f ψ 2 is image represented as an integrable function, which is defined over 2 and ψ analyzing wavelet. ψ * represents the complex conjugate of ψ. Aψ , 'i', 'j' and θ represent the constant of normalizing, the vector of displacement, dilation parameters and the angle of rotation respectively.
Segmentation
Binary segmented image shown in Figure. 5 is used to extract the blood vessels from gray scale image. The final segmented image contain vessel with their original intensities.
Centerline Extraction of blood vessels
Several techniques have been proposed for extraction of skeleton of blood vessels. In literature most of the methods are based on distance transform (18−19) . In this paper, we 
Results
To measure the performance of this proposed technique, we have created the dataset that contains the normal patient CCTA images as well as abnormal images. The proposed method is done in MATLAB R2010b and run on a 2.5GHz Intel Core i5 Laptop with 8GB Ram. We test the different angles images on proposed algorithm. After segmentation, most of the detected region is the true blood vessels pixel but some of the regions are non-blood vessel pixels. Figure. 7 shows how the blood vessels detected. The manual segmentation of images is performed by physicians that are used as actual blood vessels. Receiver operating characteristic (ROC) graph is used for the performance of proposed technique. ROC curve is a plot with the true positive rate versus false negative rate. Accuracy results are calculated for AFIC and LRH data-sets. We calculated the accuracy using the following parameters. True Positive (TP): Pixels, which are calculated as blood vessels pixels and also they belong to actual blood vessel pixels. False Positive (FP): Pixels, which are calculated as blood vessel pixels but they are not actual blood vessel pixels. True Negative (TN): Pixels, which are non-blood vessels and also they are non-blood vessel pixels in actual. False Negative (FN): Pixels, which are calculated as nonblood vessels but they are actual blood vessel pixels.
True positive rate (TPR) is calculated by dividing TP pixels by the total number pixels that belong to blood vessels shown in equation (3) . False positive rate (FPR) is fraction of false positive pixels and the total number of pixels that are non-blood vessel pixels given as equation (4) . Figure  .9 shows the ROC curves for AFIC and LRH data-sets produced by proposed method. Fig. 9 : ROC curves for AFIC and LRH data-sets Table 3 shows the calculated accuracy values for both databases using the equation (5) . These are averaged accuracy values.
Conclusion
In the diagnosis of coronary arteries diseases (CAD), segmentation of blood vessels has a significant role to play. In this paper, an algorithm is presented for the segmentation of blood vessels in CCTA images. The CCTA images subjected to pre-processing including the contrast enhancement and morphological techniques. The proposed methodology is based on multilayered thresholding and morphological techniques. The proposed method validation is executed quantitatively by comparing with manual segmentation of vessels. It can provide a convenient way for physicians to extract the beneficial information about the blood vessels.
